Inspector’s

(llumination/Signals)
Construction

Electrical

January 2005

Tra

N

M,

R
TS //gﬂhﬁﬁ&ﬁ%/
= o N\ /////v
. « //é//f/a//ﬂﬂ/n%%////////
A —

A

==

—

®

S N
S e

ion

ton State

Department of Transportat

Wash

\(/ 4






F
(

ectri

lum

cal
ination/Signals)

Construction
Inspector’s
Training Manual

January 2005

nvironmental an






Contents







Contents

Page

Part 1 Introduction 1-1
Importance of the System 1-1
Importance of Inspection 1-1
Course Objectives 1-1
Part 2 Document Review 2-1
Documents 2-1
Contacts 2-1
Documents for Materials Approval 2-1
Materials Basics 2-2
Materials Approval 2-2
Records of Materials “ROM” 2-3

Qualified Products List “QPL” 2-4

Request for Approval of Material “RAM” 2-8

Catalog Cut 2-11
Responsibilities 2-14
Project Engineer 2-14

Bridge Office 2-14
Sampling 2-14
Materials Acceptance 2-14
Documentation 2-14
Individual Daily Report “IDR” 2-15

Photo Log 2-15
Inspected Items 2-15
Electricians 2-15
Layout and Staking 2-16
Part 3 Plan Reading 31
General ltems 31
IHlumination Plans (Handout) 3-1
Standard Plans 3-2thur 8

Signa Plans (Handout) 3-9
Standard Specifications 3-10
Standard Plans 3-11 thur 14
Intelligent Transportation System “ITS’ 3-15
Plan sheet 3-16

Legend 3-17

Wire Notes 3-18
Construction Notes 3-19

Fiber Distribution Diagram 3-20

Details 3-21
Electrical (lllumination/Signals) — Student Workbook Pagei

January 2005



Contents

Page
Standard Specifications 3-22
Fiber Cable Construction 3-23 thur 28

Part 4 Common Construction Elements for
[llumination and Traffic Signals 4-1
Foundations 4-1
Location 4-1
Bases 4-1
Material 4-1
Excavation 4-2
Forms 4-2
Trenches 4-2
Reinforcing Steel 4-2
Templates 4-2
Hardware 4-3
Plates, Nuts, Bolts, Washers 4-3
Conduit Stubs 4-3
Finishing 4-3
Curing 4-3
Conduit 4-3
Connection to Source 4-3
Contract Plans 4-4
Standard Specifications 4-4
Types of Conduit 4-4
Initial Inspection 4-4
Galvanized Metd 4-5
Field Inspection 4-5
Bending 4-5
Steel Couplings 4-6
Trenching 4-6
Placing 4-6
Bushings 4-6
Jacking and Drilling 4-6
Existing Conduits 4-7
Junction Boxes 4-7
Inspection Points 4-7
Installation Procedures 4-7
Clearances 4-7
Conductors and Cables 4-7
Types 4-7
Color Coding 4-8
Installation 4-8
Direct Burial 4-9
Splicing 4-9
Bonding and Grounding 4-10
Page ii Electrical (Illumination/Signals) — Student Workbook

January 2005



Contents

Page

Electrical Service 4-11

Poles 4-11

Service Cabinets 4-11

Part 5 Construction Elements for Light Standard Installation 51
Light Standard Bases 5-1

Slip Base Installation 51

Fixed Base Installation 5-1

Breakaway Couplings 5-2

Existing Foundations 5-2

New Foundations 5-2

Pole and Mast Arm Erection 5-2

Luminaire Installation 5-3

Part 6 Construction Elements for Traffic Signal Installation 6-1
Installing Traffic Loops 6-1

Testing the Loops and Lead-1ns 6-2

Erecting Signal Standards 6-3

Installing Controllers 6-3

Installing Signal Heads 6-4

Turning on the Power 6-5

Signal Should Function as Intended 6-5

As-Constructed Plans 6-6

Appendix A References to Standard Specifications Appendix A-1
Appendix B References to Construction Manual Appendix B-1
Appendix C  Reference Documents Appendix C-1
Appendix D  Inspector Refresher Checklist Appendix D-1
Appendix E  RCW Excerpts Appendix E-1
Electrical (lllumination/Signals) — Student Workbook Page iii

January 2005



Page iv Electrical (lllumination/Signals) — Student Workbook
January 2005



Part 1

Introduction







Part 1 Introduction

Importance of System
Provide safety on new system (freeway illumination)

Improve safety of existing intersection
Reduce traffic conflict at hazard location

Importance of Inspection
Industry standard work methods are followed

Required by RCW 19.28.10 (see Appendix E)
Materials used on the job are approved
Materials are installed in the right location
Materials are installed according to the plans
Materials used for proper application

Course Objectives
Upon completion of this course, participants will be able to:

Understand the illumination and signal system functions.

Read and interpret illumination and signal plans.

Investigate lighting and signal foundation locations.

Conduct inspection and sampling of conduits, wire, and other materials.

Detect unworkmanlike procedures.

o g~ W N P

Conceptualize the total function and purpose of the illumination and
signal system.

3:P65:DP/E(IS)
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Part 2 Document Review

Documents

—

Addenda

Proposal Form

Special Provisions

Contract Plans

Amendments to the Standard Specifications
Standard Specifications

Standard Plans

Construction Manual

Y © =N kWD

National and State Electrical Codes

10. Utility Agreement

Contacts
Regional Construction Trainer

Regional Electrical Inspector
Maintenance/Signal Division/ITS
Regional Traffic Engineer
Fabrication Inspector
Headquarters Bridge and Materials Laboratory
Serving Utility, Vendors, Manufacturer’s Representatives, and Utility Engineer
in Region
Documents for Materials Approval

The Contractor shall submit to the Engineer a completed “Request for Approval
of Material” or page from the Qualified Products List promptly following execution
of contract:

Review Record of Materials

Review RAM and Qualified Products List (QPL)
Catalog Cuts

Shop Drawings

Wiring Diagrams

Light and Signal Standard Drawings

Metal Strain Pole Drawings

Review any Items to be Salvaged, Abandoned, or as Ordered
by the Engineer

Electrical (lllumination/Signals) — Student Workbook Page 2-1
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Document Review

Materials Basics

Contractor

Engineer

Must notify engineer of all proposed materials
Get approval from engineer
Use new material unless special provisions permit otherwise

May inspect or test material at any time
Shall reject material if they become unfit
Shall document material approval and acceptance

Materials approval

‘CROM”

Record of Materials - Is developed by headquarters materials laboratory
and your PE office is to keep it current.

It will contain all permanent products used in the contract.

More than one item can be submitted for the same application and it is up
to you to know what was used or not used for each application. Sometimes
the contractor forgets to write all the bid item applications for a materials
use.

Example

Contractor submits three brands of conductors for use on the project.
Two are approved and one is not.

At the end of the job, there are samples of only one kind of conductor,
what happened to the other two?

Page 2-2
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“QPL”

Qualified Products List — published annually and can be found on the
Internet. The contractor identifies materials he will use by submitting the
appropriate QPL page. One item per page shall be submitted. The most
current QPL page must be submitted at the time the product is proposed
for use.

Check the special provisions to ensure the products meet the contract.
Look up approval codes and check the notes. It is up to you to verify the
product is approved for the intended application. You are the only one who
knows the use of the product submitted.

For QPL “A” approved items you will still need to field verify the material
received and used is that submitted. Retain labels, bill of lading, delivery
tickets, etc........ Write in the IDR where and how much of that material
was used. Reference the QPL to show you have the necessary
documentation for that material.

For QPL “CA” conditionally approved materials, verify the proper
documentation in your IDR. Take tests or samples if required.

Page 2-4
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“RAM” Request for Approval of Material — required if “QPL” is not used. Will be
submitted by the contractor to the PE office. The PE office approves or
forwards to headquarters. (Remember that approval does not constitute
acceptance.) The inspector must field verify all material and document the
use and acceptance in the IDR.
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Catalog cut sheets

Another way of approving material. Usually contains a picture of the item,
instructions for use and/or installation, based on the manufacturers
recommendations. Again, be sure the material submitted meets the
contract; check the special provisions to ensure the correct product has
been submitted for use. Very useful when your not familiar with a product.
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Responsibilities
Project Engineer

Check “ROM” for items requiring off site Inspection

Notify fabrication inspection office of off site materials

Ensure the “QPL” or “RAM” is submitted in a timely manner

Get shop drawings in early for review and approval

Mark drawings in green for corrections to be made that don’t meet the
contract requirements

Check geometrics, ped poles, pre-approved signal standards, foundation
locations, H-1 dimensions, mast arm lengths, orientation, signal head
offsets, vertical clearances, signal head mounting connections, hand hole
locations and orientation, slip or fixed base requirements.

Bridge Office

Check luminaires not listed in “QPL”

Isocandela diagrams

Light socket positions

Signal standards type I1, III, IV, V with or without pre-approval
All signal poles and sign bridges

Any special designs or modifications

Sampling

Check the construction manual for frequency, methods, and quantities of
samples to be taken. The RAM or QPL will tell you if it needs a sample
(when in doubt get one). Be sure the sample is representative of what is
being used. No damage!

Materials Acceptance

Documentation
It is through complete record keeping that the Engineer will determine;
Quality and acceptability of materials
Quantities to be paid for
Existence of any “Change of Conditions”
Unworkable days or suspension of work
Fulfillment of the contract

Page 2-14 Electrical (lllumination/Signals) — Student Workbook
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Photo Log

Document Review

Inspectors daily report — Should provide a complete word picture of the
project progress. Use the five C’s, clear, concise, correct, complete, & con-
current. For listing quantities used and locations placed. List the manufac-
turer, type, size, slip or fixed bases, type of stamps or acceptance you used
to allow installation, and condition.

Before and after pictures for each operation of work performed can be an
important part of evidence for claims review. They can identify products
as well as stamps used for acceptance.

Inspected Items

Electricians

Items that are inspected and found acceptable by a WSDOT materials
fabrication inspector are identified by a Tag or Stamp

Persons performing the work shall submit to the engineer, proof of
certification, in accordance with RCW 19.28.161 prior to performing any
work.

An electrician must be in control of all work performed, whether by
apprentice or sub contractor.
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Layout and Staking

Review the plans
Figured dimensions take precedence over scaled dimensions

Thorough location investigation above and below ground (to be done after utilities
locate completed) — pot holing may be required

Does the final location serve desired purpose?

Measure distance from foundation to lane edge — layout channelization
Measure overhead clearances — check with owner

Measure what mast arm length will be — check shop drawings

Do not move luminaire foundation location without discussing with PE
Junction box location within 10 feet of poles

Junction boxes not allowed in traveled roadway or bottom of ditch
Review all location conflicts with regional signal maintenance staff
Move small signs to luminaire poles

Install plastic J-Box markings
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Part 3

Plan Reading

General Items for All Electrical Plans

A very important thing to do when reading all plan sheets is to become familiar
with the Legend. This is the key to what is what on the sheets you are looking at.
As the inspector, it is recommended that you trace each size of the conduit run
with different colored highlighters. This makes it easier to follow a run from start
to finish. To make it easier to view and to have more room for as-built notes, it is
recommended that you get a set of full size plans and then make copies of sections
on 11 by 17 inch paper of areas needed.

Become as familiar as possible with the contract plans, specials, and standard
plans before construction begins. Preparation will save you lots of headaches later
in the project.

lHlumination Plans

[llumination Plans are usually very basic when they are on a separate plan sheet.
You can look at sheet IL-1 (sheet 246) in the hand out plans as an example. You will
notice that there is a detail for the power service and cabinet location on this sheet.
This sheet has three luminaires and three conduit runs on it.
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Signal Plans
Signal Plans usually have several pages for each system, plus a signal standards
chart showing the details for orienation, foundation, signs, mounting nipples,
locations and other information. (see handout)

On these plan sheets we will discuss the legend, phase diagrams, loops, wire sizes,
labeling, splices, and orientation.
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Standard Specification

9-29.3 Conductors, Cable

2. Two and three conductor signal control cable shall consist of three No. 14
stranded copper conductors. Each conductor shall have 20-mil polyethylene
insulation and a 10-mil PVC jacket. The cable assembly shall be covered with a
polyester tape applied with a 10 percent minimum lap. The overall jacket shall
be 45-mil PVC.

9-29.3 Conductors, Cable

7  Two conductor shielded (2CS) cable shall have conform to I.M.S.A.
specification No. 50-2.

8. Detector loop wire may be No.12 or 14 AWG stranded copper wire, Class B,
with chemically cross linked polyethylene type use insulation of code thickness.

And so on for conductor sizes!

"ITS" (Intelligent Transportation System)
Layout

Review the plan sheet and get familiar with the stationing, symbols from the
legends, construction notes, wire notes, and components. In the field, review the
sites of new construction; verify any conflicts with utilities, right of way, easements,
access, flooding, or overhead clearances. Take pictures of existing conditions.
Review the feasibility of jacking or drilling for existing roadway crossings. Check
the power source and verify it's location.

General notes and legend

Review the general notes and take care of anything that may be a conflict or
requirement, example note 2. Get familiar with the legend and verify any existing
items for removal or that will remain.

Wire notes

Verify the run numbers, what size conduit, duct, and wire goes in each. Get samples
of each item listed as required in the "QPL" or "RAM".
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Construction notes

Read all the notes and decipher any that need immediate attention.

Example;

Note 1, install conduit prior to concrete overlay, when is the overlay?

Note 5, install per special provisions, highlight the note and write the special
provision page next to that note on the plan sheet.

Fiber distribution and legend

Get familiar with the legend, read the standard specifications and special provisions
concerning fiber cable, splices and so on. How much additional fiber optic cable is
required in each pull box?

Miscellaneous details

Look at the special requirements, racking details, labeling requirements, and notes.
Cable Designs

Which cable are you using for your project. Get familiar with your cable and
requirements.

9-29.3(1) Fiber Optic Cable

Cables shall be all dielectric cable (with no armoring) and shall be jacketed
(sheathed) with medium density polyethylene. The minimum nominal jacket
thickness shall be 71 mils. Jacketing material shall be applied directly over the
tensile strength members. The polyethylene shall contain carbon black to provide
ultraviolet light protection, and it shall not promote the growth of fungus.

The cable shall contain at least one ripcord under the sheath for easy sheath
removal.

The fiber optic cable shall withstand a maximum pulling tension of 600 pounds
(Ibs.) during installation (short term) with no damage and 135 pounds (long term).

Each optical fiber shall consist of a doped silica core surrounded by a concentric
silica cladding.

Void areas around the individual buffer tubes shall be protected with a moisture
resistant compound as a block against moisture migration.

The fiber optic cables shall be shipped on wooden reels in lengths as specified in the
purchase order with a maximum overage of 10%. The diameter of the drum shall be
least 20 times the diameter of the cable.
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Breakout Cables

The breakout cable design is ane which offers 2 rugged cable for shorter network
designs. This may indude Local Area Networks (LAN), data communication, video
systems, and process control environments.

A tght buffer design is weed along with individual strength members for each fber.
This allows for direct termination fo the cable without using breakout kits or splice
panels. Becauseof the increased amount of Kevlar strength members, cablesare usually
heavier and physically larger than telecom types having equal fiber counts.

The term breakout defines the key purpose of the cable. That is one could "treakout”
several fibers at any location, routing the other fibers elsewhere, For this reason
breakout sables should be color coded for ease of identification. Becaose this cakle is
used in many building environments where bullding codes may require plenum cablag,
mast breakout cables are designed to meet the 1987 MNational Electric Code.

For rugged environments the cable Is avaflable in a variety of designs to meet the
application and topelogy desired. Fiber counts from simplex up to 256 ame available.

s T Feovlar Figwmn
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Changing The Fiber Count

These diagrams show how a loose tube optical cable can be used to handle
different fiber counts.

e Coreeing
Pilling Casporund

il Tefriaon Member
Looas Tabe

1 fiber per tube

i fiber cable 12 filwr cable
6 fibers per tube

36 fibsr cable 72 fiber cable

12 fibers per tube
72 fiber cable 144 fiber cable

Derases plurad

Serength. Melam bar

Pelyethslene
Extruded Cren Prafile

h‘ﬂ-!n::u;
Ciptical Fibars
Cosis Whrap

Mesdium Deredry
Flywthylume laner fackei
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Palveshyiene Chrer [icke
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Special Cable Designs

Ribbon Cable
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Hybrid Optical Cable
A unigue type of cable designed Media Elements 3 i 5
. Dutside Dlameier (inches) 0350 0375 DASD
for multipurpose applications. Weight/ 1000 f, (be.) /8 100
. - - tfax, Tensl Load (Ths) 1 plLy 100

Both optical fibers and twisted pair Min. Bend Radius for
wires are jacketed together. Flowing (Inches} 1 1 1

Electrical Characteristics
One use for this cable style is when | [onnctorfesstancs 3 sbma/1000 croult 1 (85°F)
future expansion for optical fibers Mutual Capaciance (0083 uF/mile
i ) Woltage Breakdown 10,000 WD between conduciogs,
is being planned. This cable allows and eonduciors i shield
for existing copper ks to be Attenuation 036 dBS1000 fr. at 1 KH:
upgraded to fiber without require- Cipten] Characteclstios

Attenmatiom (singlemods) 0.5 dB/lem at 1310 nm

ing new cable to be installed. This

can be accomplished without
disrupting the existing sarvice.

In application areas such as Local
Area Networks and Integrated
Sarvices Dipital MNetworks, a
smooth ransibion can b made
from copper to fiber. This allows
the end user to be fiber ready.

05 A8/ lem 2t 1550 new
Temperature Range (operating] — =40°F 1o + 140°F

The cable designs are available I AWG
L fubios
with multiple elements including ~ Fair
the specific wire or fiber types Polyproprlenc
1 s C B
(roale ar singlemaode), These W
fibers are color coded for easy Shield
Flame-
Eetardant.
Wizather
| Resistam
) FVC lacket
‘_ (oo 'Fri 5"_11-' .:nf RTHT
n
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Cable Designs and Materials

Submarine Cable

Diptical Fiber Unit

Oyptical Hber cable for shallow sea Crpical fiber and power composite cable

FS0S5 Cable - (Pre-Stranded Optical System)

A method where the cable and the messenger are wrapped continually

around each other. Generally the messenger is kevlar.
Cable Materials

Cable jackets require a variety of materials to best serve the environment
to be used in. These materials offer protection from mechanical, thermal,

chemical and other environmental conoerns.
Palyethylene (FE)

A thermoplastic with good chernical and moisture resistance Tsed in

Aerial and Direct buried applications.
Palyurethane (FL)

A polymer with excellent abrasion resistance and low temperature fexi-

bility. Excellent for duct applications.
Palyvinylchloride (FVC)

A thermoplastic with good flame and abrasion resistance. A general

Pwmmahu‘ial used in raceways, duct environments.
Teflom

A fluorocarbon/ thermoplastic offering excellent properties in all cable
categories with the exceplion of radiation environments. Used to meet
flame, smoke and toxdeity eodes, Teflon cable is more costly than other

cable materials.

Kevlar
An aramid strength member. Kevlar is pound for pound five Emes
stromger than steel.

Kevlar & Teflon are trademarks of the Dupont Corporation.

- -
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3 i 5

Hybrid Optical Cable
A unique type of cable designed Media Elements
for multpurpose applications. Weight/ 1000 ft, (s
Both optical fibers and fwisted pair | e~ tenslLood (=)
wires are jacketed together. i Plowing {Inches)

Conduchor Resistanpe
Cne uge for this cable style Is when Insulation Res
future expansion for optical fibers Mutual Capacitance
S Waltage Breakdown
ia being planned. This cable allows
for exdsting copper networks to be Adtenaation

upgraded to fiber without require-

Cutside Diarmeter [inches) 0350 0375 0ASD

Electrical Characteristics

Optical Characteristics

75 &5 plii]
01 10 100

1 1 i

33 ohms S V) clrcudt f4, (58°F)

T 000 Tﬂl!g':l-!'l.rl'li- at 1000 ft, {68°F)

IS i Fmile

10,000 VO bedween conducings,
and conduciors o shield

36 dBS 000 fr. et 1 KHz

ing new cable to be installed, This | **ereation (snglemode]

can be accomplished without Temperature Range (operating)  -40°F lo + 140°F

0.5 dB/lem &t 1310 nm
05 dB/kom at 1550 num

disrupting the existing sarvice.

In application areas such as Local
Area Networks and Integrated
Sarvices Dipital Networks, a
smooth ransibdon can ke mada
from copper to fiber. This allows
the end user to be fiber ready.

The cable designs are available 1 AWG

L fubies
with multiple elements including  Tair
the specific wire or fiber types
s s Corrugased B
(roale ar singlemade). These Branze
fibers are color caded for easy Shield
Flame-
Eetardant.
Witk
Resistam
[VC lacket
-
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Optical ifber cable for shallow sea

Cable Designs and Materials

Submarine Cable

Crpbical fiber and power composite cable

PS0S Cable - (Pre-Stranded Optical Syatem}
A method where the cable and the messenger are wrapped continually
arpund each other. Generally the messenger is kevlar.

Cable Materials
Cabile jackets require a variety of materials to best serve the environment
to be used in. These materials offer protection from mechanical, thermal,
chemical and other environmental conoerns.

Polyethylene (PE)
A thermoplastic with good chemnical and moisture resistance Tlsed in
Aerial and Direct buried applications.

Palyurethane (FL)
A polymer with excellent abrasion resistance and low temperature flexi-
bility. Excellent for duct applications.

Palyvinylchloride (FVC)
A thermoplastic with good flame and abrasion resistance. A general
Pwmmahu‘ial used in raceways, duct environments.

Teflon
A fluorocarben,/ thermoplastic offering excellent properties in all cable
categories with the exception of radiation environments. Used to mest
flame, smoke and toxdeity eodes, Teflon cable is more costly than other
cable materials.

Kevlar
An aramid strength member. Kevlar is pound for pound five tmes
stromger than steel.

Kevlar & Teflon are trademarks of the Dupont Corporation.

- -

Page 3-28

Electrical (lllumination/Signals) — Student Workbook

January 2004



Part 4

Common Construction
Elements for lllumination
and Traffic Signals







Common Construction Elements for
Part 4 lllumination and Traffic Signals

Foundations

The foundation should be placed in the planned location whenever possible,
however, there may be certain conditions that can affect the planned location and
cause it to be moved. These include:

Rock

Bridge footings

Drainage structures

Overhead and underground utilities

Guardrail

Approval — any site change must be approved

Whether it is moved or not, the foundation’s elevation is affected by:
Pavement overlays
Widened areas of pavement or roadside
Side slopes
Topsoil layers — landscaping
Alwayswork to finished grades
Safety features of the pole anchorages

Basefor:
Standards
Controllers
Service cabinets

Transformers

Materials used must be approved:
Qualified Products List
Concrete — Standard Specification 6-02
Reinforcing steel — quality requirements, certified
Conduits and fittings — approved sources, sampling

Anchor bolts — approved sources and fabrication inspection
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Excavation
Right location
Right depth
Right equipment
Foundations on fill areas (bridge abutments) deepened
Foundations on cut slope require relief for slip base function
Broken sidewalk or driveway, remove entire square
Cut all pavements and sidewalks with saw 3 inches deep
Extra depth ordered by Engineer — Standard Specification 1-04.4
Forms
Any space around form backfilled and compacted
Set true to line and grade
Rigid and braced securely in place
Hole drilled through form wall for conduit

Trench

Kept to a minimum — just wide enough for the conduit

Reinforcing Steel
According to Sandard Plans
Correct size bars and grade
Right number of bars
Bars are properly spaced
Bars are securely tied at intersections

Positioned securely in center of form with a minimum 2-inch clearance on
all sides

Raised so it does not rest on the ground
Template Set In Place
Positioned to give anchor bolts correct orientation to roadway

Strap template installed top and bottom, M 183M plate washer for illumination,
Sandard Plans J-1b

Correct size anchor bolts that are approved
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Hardware
Plates, Bolts, Nuts, and Washers | nstalled

Anchor bolt tops plumb with template top and bottom
Projection meets Sandard Plans
Correct spacing between bolts

Approved washers
Conduit Stubs Prepared

18 inches deep below surface minimum
Properly positioned 6 inches outside the form (stub out)

Set to correct height, %4 inches above foundation for slip base 2 inches for
signal base

Secured in place
Capped or sealed with duct tape

Concrete Placement
Forms and ground moistened
No excess water in excavation
One pour — vibrated thoroughly and carefully
Anchor bolts and conduit stubs held securely in place
Conduit stubs remain capped
Finishing
Struck off to grade
Broom finish

Edgeis chamfered according to Standard Plans

Curing
White visqueen cover

Three days before form removal

Conduit
Connection to Power Source
Written agreement with utility and WSDOT

Developer isresponsible for their projects
Determine exact location of power source

Service conduit as required by serving utility (contractor to coordinate)
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Contract Plans
Sizes of conduit, 1 inch minimum except */2 inch okay for ground

Number of conduits — per plan
Location of conduit runs— per Standard Plans
Utility locations — any not shown added to “as constructed”
Corrected |ocations — “ as constructed”
Standard Specifications
UL approved label on conduit — before installing
Depth requirements

Types
Galvanized steel
PV C gray color UL approved
Aluminum

Metallic

Used for all conduit above ground
Underground metallic must be hot dip galvanized steel
Aluminum conduit — by specification can be used only at above ground locations
PVC Schedule 40 or 80
PV C never above ground
No reduced couplings on conduit runs
Conduit same size throughout the run
Not used in slip form barrier
Initial Inspection
Material is approved or certified by manufacturer
Right size conduit — black cap indicates 1/2", Red /4", blue 1"
No damaged material permitted
Galvanized conduit coating repaired if damaged — A-9-73
Protective caps on threaded ends of conduit (threads undamaged)

Standard length conduit ends well reamed — no burrs
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Galvanized Metal

For each size, send two 12-inch samples, excluding threads from each end of
standard length of conduit and a coupling.

Metal Conduit

: ,| - 12"
12" Plus Threads

When resampling is requested, send twice the number of samples specified above.
Be sure the matching end pieces are identified.

Field Inspection
Check for damage to coating

Field cut threads are protected with an approved coating

Standard Specification 9-29.1

Square and true cuts with power band saws

Inside edges of conduit smooth and well reamed, no burrs

Tapered threads used on metallic conduit — no running threads or dlip joints

Paint with galvanized repair paint formula A-9-73

Running threads permitted in traffic signal head spiders only
Bending

Total amount of bending on a run does not exceed 360 degrees

Radius at least eight times the conduit’s diameter

Radius less than 36 inches shall be steel conduit except in concrete structures

Approved manual or power bending tools used — check with mandrel

Correct size dies— look for workmanship

No crimping, flattening, or other damage during bending (PVC)

NEC 346 Rigid Metal Conduit

NEC 347-13 Rigid Nonmetallic Conduit
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Steel Coupling
Ends do not have tapered threads

Threads clean and rust-free
Painted with colloidal copper

Tightened to form good electrical connection and final tightening from the ends
prior to backfilling

Hot dipped or electroplated galvanizing
All couplings painted with galvanizing repair paint A-9-73
Trenching
Open trench width shall be 4 inches minimum or conduit diameter plus 2 inches
Minimum depth — 18 inches below curb grade on shoulders
Minimum depth — 24 inches below roadbed
Minimum depth — 48 inches below railroad ties
Placed before base course on new construction jobs
Placing
Unistrut fastening — galvanized or stainless steel
Supports placed within 3 feet of every box, panel, or fixture above ground
Openings have couplings or protective caps — no temporary plugs
Bushings

Galvanized malleable iron with copper, tinned copper, stainless steel lugs, and
stainless steel clamping screw, mounting screw, and set screw

Approved bushings installed when couplings/caps removed
Check RAM or QPL to ensure correct bushing used — 0.z. Gedney-cat. cut

Backfilling

Thorough — no excavated material left over

Compact careful over PVC — bedded per NEC

Steel conduit substituted for PV C if hard rock encountered

Marker stakes set at ends of buried conduits (protect during construction)
Jacking and Drilling

Minimum 1s-inch steel conduit under railroad and existing pavement

No disruption of pavement

Pits are 2 feet clear of pavement edge

No excessive use of water
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Existing Conduits
Conduit for future use

Cleaning mandrel correctly sized pulled through to make sure conduit is
not deformed

Clean with compressed air and capped

Junction Boxes (see Standard Plans)
Inspection Points
Must be installed before pulling conductors

Check for type of junction box

Check Standard Plan J-11a for fill

Installed in location shown in plans

Acceptance stamps on boxes

Properly stored and handled

Lids marked for indicated system (Standard Specification 9-29.2(4))
Installation Procedures

Excavation to right depth and grade

Placed and set to proper grade on 6-inch gravel pad

Backfilled and compacted to be flush with finished grade
Clearances Met

Conduits stop 6 to 8 inches below lid

Conduits no more than 3 inches away from wall nearest entry
Conductors and Cables

Types

Service Entrance Conductors

Neutral Conductor

Equipment Grounding Conductor

Single Conductor

Bonding Jumper

Multi Conductor

Pole and Bracket

Fiber Optic
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Two Conductor Shielded Cable

Detector Loop Wire

Four Conductor Shielded Cable (4 CS)

Three Conductor Shielded (3 CS)

Six Pair Communication Cable (6 PCC) two types; arial and underground
Fiber Optic Cable — Single and Multimode

Color Coding System

No pulling conductors until the entire system is complete
Plans show which cables go where:

Black and red wires — illumination

Red, green, or orange — corresponding lens colors of traffic signals
White — neutral wires

No insulation — ground wires

Ground wire in raceway shall be insulated, green in color

Installation
Conduit cleaned of dirt and debris by using:
Compressed air
A cleaning mandrel, correctly sized for each size of conduit, pulled through to
ensure that the conduit is not deformed.
Mouse blown or sucked through, which serves two purposes:
It takes the pull string through the conduit, and
It shows that the conduit is not blocked
Pull string or cable tied and taped to conductors
Pulling conductors
All conduit ends reamed and bushings installed to prevent damage to insulation
Approved lubricant used on conductors and conduit openings
Hand pulling — safer
Mechanical pulling — done with dynamometer to measure tension
Cable should not damage PV C while being pulled
At least 18 inches of conductor can be raised outside the junction box
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Drip loops shall be provided for:
Aerial conductors entering poles, or
Connect to signal or weather heads
All conductors marked with PV C sleeves (Standard Specifications 8-20.3(8))
All coaxial cables shall have heat shrink end caps installed prior to aerial
or underground installation of the cables to prevent moisture entry into the cable.

Direct Burial Cables
Rated U-F — under ground feeder — irrigation systems

Rated U-S-E — under ground service entrance — all other underground
Review exceptions for use
Red warning tape must be placed 6 inches above cable

Conductor Splicing
All wiring must run continuously — without splices

Exceptions
Induction loop circuits
Magnetometer circuits
[llumination circuits
Flices can be made only in junction boxes
If temporary spliceisrequired, see electrical inspector for approval
No terminal strips allowed below grade

Induction loop and magnetometer circuits shall use cast epoxy splices with clear
rigid molds or rigid re-enterable type splice kits and soldered compression
crimp connectors

Under ground illumination circuits shall employ copper crimped connectors and
epoxy splice kitswith clear rigid molds

Above ground illumination circuits shall employ:

Vice or crimp type pressure connectors
All splicing methods and materials must be approved
Fliceinsulation, either:

Epoxy or thermoplastic electrical insulating tape, or

Heat shrink — make sure there is no scorching
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Method for making cast epoxy splices (see Standard Plan J-8a)
Mold centered, crimped, and/or soldered compression and taped connection
Ends of mold taped thoroughly to seal them
Enough slack left to raise conductors 18 inches above ground level
Funnels inserted
Resin and hardener mixed in bag
Mold filled with epoxy up into funnels

Mold remains as part of splice

Bonding and Grounding

Systems must be grounded mechanically and electrically (see Standard
Plan J-9a)

Luminaires
[llumination and Signal Standard
Cabinets

Conduits— where it isimpractical to make athreaded metallic joint tight,
abonding jumper shall be used

Metallic — conduit system itself provides ground
PVC — insulated green copper grounding wire must be installed
Any other metallic item containing electrical conductors

Bonding metal covers on junction boxes outside WSDOT right of way

All equipment, grounding conductors, and bonding jumpers must be:
Stranded or solid, bare or insulated, green copper wire

Same size as No. 8 AWG or larger asrequired in the Sandard Plans

Grounding rods must be:

Driven into ground within ajunction box or 8-inch drain tile with cover

At every service point

Solid electrodes of bonded copper and ferrous core materials

No less than 10 feet long for /2-inch diameter rods

No less than 8 feet long for */s-inch diameter rods

Two service ground electrodes installed a minimum of 6 feet apart
Two approved grounding clamps are used to connect grounding rod to conductor
Approved bushings or clamps used as connections in system

Approved pressure type grounding connectors
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Electrical Service
Pole — May Be Timber
Service Cabinet — equipped with WSDOT padlock or lock core

Attached to pole, type A, C

Pad mounted, type B, D, E
Meter Base

Installed at service box

Meets service utility requirements for mounting height
Thermal Service Breaker

Same size as noted in plans
Photo Cells (illumination systems)

Mounted on top of service box, cabinet, or pole

Must point north to read light properly

Service connects to system at weather head mounted on pole, check with
serving utility

Servicing utility completes electrical service connections
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Construction Elements for
Part 5 Light Standard Installation

Light Standard Bases
Slip Base Installation
Concrete set 72 hours or 2,400 PS|

Anchor bolts in place (Standard Specification 9-29.6(5))
Correct line and grade
Plumb plus or minus 1 degree
Extend two full threads above hex nuts (Standard Specification 8-20.3(4)
Damaged anchor bolts repaired
Slip plane unabstructed
No protruding anchor bolts or conduits above the slip plane

Clamping nuts and bolts tightened to specified torque (Standard Specification
8-20.3(13)A)

All bolts, nuts, and washers shall be marked and identified
Clean and undamaged threads
Galvanized surfaces clean and smooth, which:
Reduces friction between dlip plates
Prevents slackening of bolt tension

Washers placed between bottom dlip plate and keeper plate.
Keeper plate 28 gauge ASTM A526 Coating G90

Grout Pad
Fill space between foundation and anchor plate
Does not extend above bottom of the anchor plate

Wiring done according to detail in Sandard Plans J-1e

Fixed Base Installation

Same steps as dlip base installation, except:

Anchor bolts must be rotated 180 degrees before pour

Anchor plate and bottom slip plate eliminated
Lighting brackets

Mount structures on bridges and retaining walls

Slip base inserts, used on:

New standards, or

Modifying existing standards
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Breakaway Couplings

Note: Contact signal superintendent, electrical inspector, or signal maintenance for
help on proper installation

Existing Foundations
Anchor nuts, pole, grout pad, and leveling nuts removed
Conduits cut off maximum of 2 inches above foundation
Damaged anchor bolts repaired
Anchor bolts cut off 2Y/2 to 3 inches above foundation
Couplings installed within /s to /s inch of foundation
Couplings leveled
Wire like the light standard detail (J-l€)
Same for new foundations

New Foundations
Anchor bolts installed with tops 2% to 3 inches above foundation
Marked and staked to prevent damage from graders
Couplingsinstalled within ¥/s to %/s inch of foundation
Couplings leveled

Pole and Mast Arm Erection
Poles and mast arms undamaged

No bending or twisting during loading, unloading, or erection
Rope or nylon slings used

Poles and mast arms must be inspected by Headquarter’ s fabrication inspector
and stamped

Poles set and plumbed by adjusting nuts

Washers, nuts, and skirt installed to manufacturer’ s specifications
Pole raked

Metal tag riveted to pole above handhole, includes:
Luminaire number, wattage, and voltage

Paint 3-inch series C numbers 3 feet above base facing traveled way

Pole matches Standard Plans and/or Contract Plans
Correct height

Mast arms are proper length
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Types

Permanent standards made of either:
Steel
Aluminum or concrete

Temporary standards, usually made of:
Timber, and
Should be buried at least 10 percent of pole length plus 2 feet
Plumbed or raked as directed
All cuts and holes treated with preservatives

Retrofitting and relocating existing equipment

Luminaire Installation

Material used is approved
Pole at correct height
Mast arm at correct length
Mast arm is perpendicular to traveled way
Socket position
Shownin:
Packing slips — shows position set at factory
Plans and special provisions

Test report — always governs what position should be

Proper luminaire lensinstalled
Lamps correct type and wattage
Lamp marked with date of installation on ballast and lamp
NEMA identification tag applied to underside of luminaire
Color indicates bulb type — Red Halide, Blue Mercury, Gold Sodium
Number when multiplied by ten indicates wattage
Tag should be visible from ground level
Light standard wiring details (J-l€)

Photoelectric controls
Plug-in — 120 volt 60 Hz

Meter base — potentiometer
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Construction Elements for
Part 6 Traffic Signal Installation

Installing Traffic Loops
Wire to be used isinspected

Meets requirements of Division 9-29 of Standard Specifications
Right type and size of wire
Right type and thickness of insulation

Wire to be used has been approved

No visible damage to wire or insulation

Conditions before wire placement
After grinding the pavement
Before final lift of asphalt
Pavement is dry and clean

Identify stop bar location — lay it out

Loop outlined in chalk

L ocations and dimensions correct

Saw cutting
Y4 inch wide, except lead-in saw cuts are Y/ inch wide
2'/>to 3 inches deep
Corners overlap — small as possible
L oop should not make more than a 45-degree bend
Corners cut to full depth

Air blasting
High pressure washing and dried with 100 psi minimum air pressur
Thoroughly cleaned immediately before wire placement
Saw cuts and weather must be dry
Placing wire
One continuous wire
Right number of wire twist from loop to junction box, Standard Plan J-8a
Installed with blunt-nosed wooden wedge — nothing sharp
Pressed down all the way around
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No slack, kinks, or folding in wire

Reverse twist on each successive pair installed

Backer Rod
High temperature pieces 2" long @ 24" O.C.
Approved sealant used

No air bubbles or foam entrapped in slots

Splicing (See Standard Plans J-8A, B & C)

If loop splices are not installed immediately after the installation of the loop
leads into the adjacent junction box, the ends of the two conductor “home run”
cable shall be sealed with heat shrink end caps to prevent entry of moisture into
the two conductor cable, Standard Plan J-8A.

Testing the Loops and Lead-Ins

Contractor runstests, inspector closely monitors them

Tests measure resistance to determine if system is operating properly (existing)
Test A

Measures DC resistance between two lead-in cable wires
Usesvolt-ohm-meter

Tests continuity of system — no broken wires

Resistance must not exceed 5 megohms

Test B

Made between lead-in cable shield and ground prior to connection
Megohm meter test at 500 volts DC

Tests grounding — if insulation is good

Resistance must equal or exceed 100 megohms

Test C

Made between loop circuit and grounding

Meggar test

Tests grounding — if insulation is good

Resistance must equal or exceed 100 megohms

Test D

An inductance test to determine the inductance level of each loop
150 microhenries minimum for Type | and 75 for Typel |

Same tests must be run on lighting systems
Submit test resultsto P.E.
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Erecting Signal Standards
Field verification — right location

The concrete in the foundation shall be set to 2,400 psi before erection

Poles mounted on foundations
According to plans
Two full threads above the nut minimum

Poles and mast arms must be inspected by Headquarter’ s fabrication inspector
and stamped

Damaged galvanizing repaired with zinc-rich paint, Formula A-9-73
Signal standard number on metal tag riveted to pole above handhole
If signal standard also supports luminaire:
Disconnect connectors used, complete with pole and bracket cable

I1lumination wiring used that conformsto slip base detail plan

All pole entrances field drilled

No drilling on mast arms, except for pre-emption indicators or detectors

Field welding
Contractor must obtain prior approval by submitting welding plan
Done by certified welders

Poles plumbed
If span wires are used:
Sag shall be 5 percent of span length, plus or minus 1 percent
Tether wires used to secure heads in high wind areas
16'/> to 19 feet vertical clearance above roadway
Installing Controllers
Site verification
Same as plan location

Oriented for maintenance (check with them) and safety
Controller submitted to Materials Lab for testing

Assoon asitisavailable, but at |east four to six weeks before installation
Controller identified by contract number
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Foundations built — same requirements as other foundations
Conduits installed
Approximately 2 inches above foundation
Centrally located within foundations

One 2-inch spare (to atype 3 J-box) for future use

Cabinets placed and equipment connected

They come factory wired and ready for operation from Materials Lab or
Signal Shop

Field wiring is connected to field terminal strips
Marked with service agreement letters and numbers (only service cabinets)

2-inch minimum clearance for control equipment

Installing Signal Heads
Type
Normal, programmed, or LED
For vehicles, or
Pedestrians, which can use either approved:
Symboals, or
Words

Sizes
8-inch heads
12-inch heads

Ways of mounting
Pole mounted H, K
Post mounted F, D
Mast arm mounted M, L, LE
Span wire mounted Q, R, S

Heads should not be installed until all other equipment is in place

May be mounted earlier if faces covered with black opaque material
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Work done according to plans
Right hardware used
Right assembly procedures followed

Right dimensions and clearances
Emergency pre-emption
Opticoms

Work done according to special provisions

Turning on the Power
Maximum flashing period is five days
Covered with black material if not flashing
Change from flash to stop and go
No later than 2:00 p.m. on any day
Not on:
Fridays,
Weekends,
Holidays, or
Day preceding holiday

Not until all signs, stop bars, pedestrian crossings, or other traffic control
devices are installed

Signal Should Function as Intended
Traffic Control
Discussed in advance with contractor
Police or flaggers should direct traffic
Qualified representative of controller supplier shall be present at the change
Traffic should flow smoothly and safely
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As-Constructed Plans
Make changes as they occur
Should be as detailed as possible
Take accurate and detailed notes during all phases of construction

Make sure contractor submits any corrected shop drawings Standard
Specifications 8-20.3(17)

RCW 19.122.020 underground facilities located within 24 inches of outside
dimensions (see Appendix E)

Changes to as-built are made using red pen medium line width
Partially removed foundations must be shown

Send a set of correct plansto regional Signal Maintenance shop.
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Appendix A References to Standard Specifications

2004 Edition
Conduit 9-29.1
Junction Boxes 9-29.2
Conductors 9-29.3
Messenger Cable 9-29.4
Pole Line Hardware 9-29.5
Light and Signal Standards 9-29.6
Luminaire Electrical Connections 9-29.7
Ballasts, Transformers 9-29.9
Luminaires 9-29.10
Control Equipment 9-290.11, 13
Splice Materials 9-29.12
Vehicular Signal Heads 9-29.16, 17
Detectors 9-29.18
Pedestrian Signals 9-29.19, 20
Service Cabinets 9-29.24
Other Cabinets 9-29.25
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Appendix B

References to Construction Manual
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Relationship With the Contractors
Construction Safety

Traffic Control and Signing
Relations With the Serving Utility
Inspection

As-Built Plans

Foundations

Conduit

Junction Boxes

Wiring

Grounding

Lighting Standards (Strain Poles)
Existing Illumination Systems
Service Equipment

Traffic Signal Systems

Testing

Electrical Safety Tags

Prevention of Conduit Corrosion

M easurement and Payment

1-2.2C
1-2.21(4)
1-2.3
8-20.3
8-20.4
8-20.5
8-20.6A
8-20.6B
8-20.6C
8-20.6D
8-20.6E
8-20.6F
8-20.6G
8-20.6H
8-20.61
8-20.6J
8-20.6K
8-20.7
8-20.8
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Appendix C Reference Documents

WSDOT current Sandard Specifications, M 41-10
Amendments to WSDOT current Standard Specifications
WSDOT Construction Manual

National and State Electrical Codes

Department of Labor and Industries, RCW 19.28.510
Information on locates
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Appendix D Inspector Refresher Checklist

Signalization and Illlumination
Common Construction Problems

Thiswork, aswell as other electrical work and signalization, is very specialized
requiring the services of alicensed electrical contractor. Few inspectors have had
sufficient experience to thoroughly and adequately inspect this type of work. To
overcome this problem, it is recommended that the Regional Electrical Inspector
work closely with project personnel to assure plan and specification compliance.

Experience has proven that many potential problems can be averted or minimized
by a special preconstruction meeting involving the electrical contractor or sub-
contractor, project personnel, and the Signal Shop Superintendent or Regional
Electrical Inspector. This special preconstruction meeting should be held
immediately prior to starting the electrical work. It is especially important that
the contractor’ s job superintendent or foreman attend this meeting. The conduct
of the meeting should be informal and cover the real “nuts and bolts” problems
that may be expected or that have occurred on previous projects.

Over the years a number of recurring construction errors have been discovered
regarding electrical work either at final inspections or later when maintenance
work was being performed. A list of these more common errors follows. This
list isincluded as areminder for inspection personnel and should not substitute
for the above recommended preconstruction meeting.

Conduit Installations

1. Nonmetallic conduit (PVC) may be used where specified. Installation shall
conform to the NEC Article 347 Rigid Nonmetallic Conduit.

2. Minor bendsin conduit without proper use of bending tool causing partial
collapse of conduit and resultant problems pulling wire through conduit.

3. Useof rocky material for conduit backfill instead of fine soil or sand which
resultsin eventual collapse of conduit.

Failure to clean dirt and moisture from conduit prior to pulling wire.

Failure to cap stub ends and free ends of conduit resulting in intrusion of soil
and moisture.

6. Conduit buried at less than required 18 inches (600 mm) depth below roadbed
causing future maintenance problems such as inadvertent cutting or mashing
of conduit.

Placement of conduit by other than a bona fide licensed electrical contractor.

Placement of conduit at locations other than shown on the plans without proper
indication on the as-constructed plans.

9. Use of flexible conduit in place of rigid steel elbows.

10. Use of water pipe type conduit and fittings in place of conduit approved for
electrical use.
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Expansion Fittings
1.
2.

Foundations

Pole Erection

Wiring

11. Failureto prevent grout from entering conduit while grouting pole base.

12. Improper location of conduits in foundation.

Failure to install a proper conduit expansion unit at structure expansion joints.

Failure to provide expansion couplings on long runs of PV C conduit may result
in buckling of the conduit.

Improper or wrong size anchor boltsinstalled or installed out of alignment for
proper pole base plate fit.

Foundation not set at proper elevation. Too high or too low an elevation to
permit proper action or exposure of the slip base or breakaway base.

Improper backfilling or lack of mechanical tamping around foundation may
result in eventual tipping of the foundation and pole.

Failure to grout under the base of pole.

Failure to check contract plans for foundation size and constructed in
accordance with Standard Plan Drawing.

Rotation of signal mast arm 180° from designed position.
Failure to accurately plumb poles after all hardwareisin place.

Grouting of poles before all hardwareisin place and the pole accurately
plumbed.

Failure to use awire lubricant prior to pulling through conduit may damage
the wire, itsinsulation, or the conduit.

Use of extreme force and speed to pull wire, such as with avehicle, may
damage wire, itsinsulation, or the conduit, and is not allowed.

Failure to pull signal cable by hand may damage insulation.

Unauthorized splicesin buried or concealed junction boxes that create future
mai ntenance problems.

Failure to use insulated bushings at conduit entrances to metal junction boxes,
cabinets, and terminal boxes.

Unauthorized splicesin signal cable. The cable must be continuous between
terminal connections.

Use of wrong type of size of wire or wire with improper insulation.

Failure to use approved wire connectors.
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Signal Loop Wiring
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Signal Installation

Inspector Refresher Checklist

Improper splicing of signal loop detector lead-in wire which may break down
causing moisture to enter the splice and ground the loop making it inoperable.
These splices shall be soldered and waterproofed. The splice insulating pack-
age shall be so made asto include all loop leads, loop lead in cable, and lead-in
shield as one unit and extend a minimum of 25 millimeters onto the outside
jacket of the lead-in cable.

Use of aloop lead-in wire other than the approved type.

Allowing the contractor to use a sharp instrument, such as a screwdriver,
to force loop wire into the sawed slot causing damage to the wire or insulation.

Failure to saw loop slots to depths indicated in Standard Plan Drawing J-8A.
Failure to clean loop slot of water and dirt prior to placement of loop wire.
Failure to hold loops at the bottom of the slots while applying sealant.

No other electrical conductors should be installed in the loop detection conduit
or junction boxes, without approval.

Failure to test loops in the roadways after applying seal ant.

Use of atar or asphalt sealer that has been heated so hot that the wire insulation
is damaged.

Emphasize the importance of the loop detectors installation and testing.

Seal conduits with electrical putty or silicone.

1. When optically programmed traffic signal heads are specified, the inspector
should make sure the contractor adjusts the 3M heads according to the
manufacturer’ s recommendation. Some heads have not been programmed
by the contractor.

2. The project inspector should check with the Project Engineer when questions
arise or substitutions are requested. Do not rely on contractor.

3. Signa Control Equipment:

A. State furnished — make sure contractor gives schedule of time when he
will be ready for installation.
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Inspector Refresher Checklist

General Information

1. If you do not know how something should be done, don't believe the contractor
when hetellsyou heis doing it right. Contact the Regional Electrical Inspector
for guidance and information.

2. Review pole drawings, contract plans, and catalog submittals well in advance
of actual work.

3. If you have any questions, contact the Regional Electrical |nspector, Signal
Superintendent, or Traffic Section. They will help you.

Get a copy of the NEC handbook for ready reference.

The RCWs and WACs are on line through the WSDOT Intranet home page if
you need additional information from their reference materials. (Some of our
specifications make reference to them.)

12:P65:DP/E(IS)
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Appendix E

Excerpts From RCWs

RCW 19.28.010 Electrical wiring requirements—General—Exceptions.

(1) All wires and equipment, and installations thereof, that convey electric current
and installations of equipment to be operated by electric current, in, on, or about
buildings or structures, except for telephone, telegraph, radio, and television wires
and equipment, and television antennainstallations, signal strength amplifiers,
and coaxial installations pertaining thereto shall be in strict conformity with this
chapter, the statutes of the state of Washington, and the rules issued by the depart-
ment, and shall be in conformity with approved methods of construction for safety
to life and property. All wires and equipment that fall within section 90.2(b)(5)

of the National Electrical Code, 1981 edition, are exempt from the requirements
of this chapter. The regulations and articles in the National Electrical Code, the
national electrical safety code, and other installation and safety regulations
approved by the national fire protection association, as modified or supplemented
by rulesissued by the department in furtherance of safety to life and property
under authority hereby granted, shall be prima facie evidence of the approved
methods of construction. All materials, devices, appliances, and equipment used
in such installations shall be of atype that conforms to applicable standards or

be indicated as acceptable by the established standards of any electrical product
testing laboratory which is accredited by the department.........

RCW 19.28.360 RCW 19.28.210 inapplicable in certain cities and towns,
electricity supply agency service areas, and rights of way of state highways.
The provisions of RCW 19.28.210 shall not apply:

(3) Within therights of way of state highways, provided the state department of
transportation maintains and enforces an equal, higher or better standard of
construction and of materials, devices, appliances and equipment than is
required by RCW 19.28.010 through 19.28.360. [1986 ¢ 156 § 12;

1967 ex.s. ¢ 97 8 1; 1963 ¢ 207 § 4; 1959 ¢ 325 § 3]

RCW 19.28.510 Certificate of competency required—Electrical training
certificate—Fee—Verification and attestation of training hours.

(1) No person may engage in the electrical construction trade without having a
current journeyman electrician certificate of competency or a current specialty
electrician certificate of competency issued by the department in accordance
with this chapter. Electrician certificate of competency specialtiesinclude,
but are not limited to: Residential, domestic appliances, pump and irrigation,
limited energy system, signs, and nonresidential maintenance.

(2) A person who isindentured in an apprenticeship program approved under
chapter 49.04 RCW for the electrical construction trade or who is learning
the electrical construction trade may work in the electrical construction trade
if supervised by a certified journeyman electrician or a certified specialty
electrician in that electrician’s specialty.........
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Excerpts From RCWs

RCW 19.122.020 Definitions. Unless the context clearly requires otherwise, the
definitions in this section apply throughout this chapter:

(1) “Business day” means any day other than Saturday, Sunday, or alegal local,
state, or federal holiday.

(2) “Damage” includes the substantial weakening of structural or lateral support of
an underground facility, penetration, impairment, or destruction of any under-
ground protective coating, housing, or other protective device, or the severance,
partial or complete, of any underground facility to the extent that the project
owner or the affected utility owner determines that repairs are required.

(3) “Emergency” means any condition constituting a clear and present danger to
life or property, or a customer service outage.

(4) “Excavation” means any operation in which earth, rock, or other material on
or below the ground is moved or otherwise displaced by any means, except
the tilling of soil less than twelve inches in depth for agricultural purposes,
or road and ditch maintenance that does not change the original road grade
or ditch flowline.

(5) “Excavator” means any person who engages directly in excavation.

(6) “Identified facility” means any underground facility which isindicated in
the project plans as being located within the area of proposed excavation.

(7) “Identified but unlocatable underground facility” means an underground
facility which has been identified but cannot be located with reasonable
accuracy.

(8) “Locatable underground facility” means an underground facility which can
be field-marked with reasonable accuracy.

(9) “Marking” means the use of stakes, paint, or other clearly identifiable
materials to show the field location of underground facilities, in accordance
with the current color code standard of the American public works association.
Markings shall include identification letters indicating the specific type of the
underground facility.

(10) “Person” means an individual, partnership, franchise holder, association,
corporation, a state, a city, a county, or any subdivision or instrumentality
of astate, and its employees, agents, or legal representatives.

(11) “Reasonable accuracy” means location within twenty-four inches of the outside
dimensions of both sides of an underground facility.

(12) “Underground facility” means any item buried or placed below ground for
use in connection with the storage or conveyance of water, sewage, electronic,
telephonic or telegraphic communications, cablevision, electric energy, petro-
leumn products, gas, gaseous vapors, hazardous liquids, or other substances and
including but not limited to pipes, sewers, conduits, cables, valves, lines, wires,
manhol es, attachments, and those parts of poles or anchors below ground.

(13) “One-number locator service” means a service through which a person can
notify utilities and request field-marking of underground facilities.
[1984c 1448 2]
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Excerpts From RCWs

RCW 19.122.030 Notice of excavation to owners of underground facilities—
One-number locator service—Time for notice—Marking of underground facili-
ties—Costs. Before commencing any excavation, the excavator shall provide
notice of the scheduled commencement of excavation to all owners of underground
facilities through a one- number locator service. All owners of underground facili-
ties within a one-number locator service area shall subscribe to the service. One
number locator service rates for cable television companies will be based on the
amount of their underground facilities. If no one-number locator serviceis avail-
able, notice shall be provided individually to those owners of underground facilities
known to or suspected of having underground facilities within the area of proposed
excavation. The notice shall be communicated to the owners of underground
facilities not less than two business days or more than ten business days before the
scheduled date for commencement of excavation, unless otherwise agreed by the
parties. Upon receipt of the notice provided for in this section, the owner of the
underground facility shall provide the excavator with reasonably accurate informa-
tion asto its locatable underground facilities by surface-marking the location of the
facilities. If there are identified but unlocatable underground facilities,the owner of
such facilities shall provide the excavator with the best available information as to
their locations. The owner of the underground facility providing the information
shall respond no later than two business days after the receipt of the notice or
before the excavation time, at the option of the owner, unless otherwise agreed

by the parties.Excavators shall not excavate until all known facilities have been
marked. Once marked by the owner of the underground facility, the excavator is
responsible for maintaining the markings. Excavators shall have the right to receive
compensation from the owner of the underground facility for costsincurred if the
owner of the underground facility does not locate its facilities in accordance with
this section. The owner of the underground facility shall have the right to receive
compensation for costs incurred in responding to excavation notices given less than
two business days prior to the excavation from the excavator. An owner of under-
ground facilities is not required to indicate the presence of existing service laterals
or appurtenances if the presence of existing service laterals or appurtenances on the
site of the construction project can be determined from the presence of other visible
facilities, such as buildings, manholes, or meter and junction boxes on or adjacent
to the construction site. Emergency excavations are exempt from the time require-
ments for notification provided in this section. If the excavator, while performing
the contract, discovers underground facilities which are not identified the excavator
shall cease excavating in the vicinity of the facility and immediately notify the
owner or operator of such facilities, or the one-number locator service.

[1988 c 99 § 1; 1984 c 144 § 3] NOTES: Damagesto facilities on state

highways: RCW 47.44.150.

Electrical (lllumination/Signals) — Student Workbook Appendix E-3
January 2005



Excerpts From RCWs

RCW 19.122.040 Underground facilitiesidentified in bid or contract—
Excavator’s duty of reasonable care—Liability for damages—Attorneys' fees.

(2) An excavator shall use reasonable care to avoid damaging underground
facilities. An excavator shall:

(@) Determine the precise location of underground facilities which have
been marked:;

(b) Plan the excavation to avoid damage to or minimize interference with
underground facilities in and near the excavation area; and

(c) Provide such support for underground facilities in and near the construction
area, including during backfill operations, as may be reasonably necessary
for the protection of such facilities.

(3) If an underground facility is damaged and such damage is the consequence of
the failure to fulfill an obligation under this chapter, the party failing to perform
that obligation shall be liable for any damages.
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